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PURPOSE: To obtain a piezoelectric material capable of being burnt at a low temperature and simultaneously with an 
inexpensive electrode material such as Ag-Pd allay, having a high piezoelectric coefficient. 

CONSTITUTION: A porcelain composition which is one having a composition of the formula aPb(Mg1/3N2/3)03-bX- 
cPbTi03-dPbZr03 wherein 0.5-10 atomic % Pb is replaced with at least one of Sr, Ba, Ca, La, Pr, Nd, Ce and Sm 
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2.5^d<60 and a+b+c+d=100. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Empirical formula aPb(Mg1/3Nb 2/3) 03-bX-cPbTi03-dPbZr03 It is the porcelain constituent expressed. Pb To 
the porcelain constituent with which 0.5-10 atom % is permuted by at least one sort in Sr, Ba, calcium, La, Pr, Nd, Ce, 
and Sm, respectively At least one sort in Zn, Sn, and Bi below pentatomic %, Independent or piezoelectric material 
characterized by containing Si or/and germanium below pentatomic % in total. 

However, X of the above-mentioned empirical formula is Pb(nickel1/3Nb 2/3) 03, Pb(nickel1/3Sb 2/3) 03, and Pb 
(nickeh / 3Ta 2/3) 03. It reaches. Any one sort in Pb(nickel1/2W1/2) 03**, and a, b, c and d are moi%s, and are a value 
with which are satisfied of each following formula. 
10 <A+b<=55 0.5<=B<=1030<=C<=50 2.5 <=D<=60 A+b+c+d=100 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The piezoelectric constant of this invention is large, and low temperature sintering is possible for it, 
and it relates to a piezoelectric material suitable as ingredients, such as an electrostrictive actuator and a piezo-electric 
buzzer. 
[0002] 

[Description of the Prior Art] Conventionally, as a piezoelectric material, the porcelain constituent of Pb(ZrTi) 03 (called 
PZT and PZT for short) system is known. Since this porcelain constituent has advantages, like the porcelain of various 
properties is obtained by the permutation of large [ piezoelectric ], usable to an elevated temperature, and Pb according to 
the third component further, or addition of the third component, it is used as ingredients, such as a piezo-electric buzzer, a 
frequency filter, and a piezo-electric firing component. 

[0003] In recent years, the need for a precise displacement component increases in fields, such as a precision instrument 
and an optical instrument, and to use the electrostrictive actuator which used a piezo-electric distortion for this is tried. 
Since small, high displacement, and the property called low-battery actuation are required, as a piezoelectric material for 
these applications, the large thing of a piezoelectric constant is [ 1st ] needed for this electrostrictive actuator first. 
Moreover, since laminating is advantageous as for actuator structure, the piezoelectric material which can be sintered at 
low temperature is needed so that simultaneous baking with a cheap electrode material (for example, Ag-Pd alloy) may be 
possible. 

[0004] the inside of the piezoelectric material developed until now -- these people - JP,2-6364,A - said 3-50156 the 
ingredient proposed in each official report of a number, 3-131569, and 3-137056 - piezoelectric constant 300x10-12 m/v 
Although it is dramatically large and suitable as an actuator ingredient, since burning temperature is as high as 1250 
degrees C, an electrode, simultaneously in calcinating and carrying out a laminating, only Pt electrode can be used but it 
will become expensive. 

[0005] Moreover, collection of the 7th ferroelectric application board lecture drafts (May 31, Heisei 1) In 91-92 pages, it is 
Pb5germanium 3011 to PZT. Although what enabled low-temperature baking by adding is shown, in sintering at 1100 
degrees C from which an Ag-Pd electrode becomes usable, 3600 and the direction electromechanical coupling coefficient 
of a path of specific inductive capacity are about 66%. Piezoelectric constant d31 expected from these values 250x10-12 
m/v It is extent. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, the conventional piezoelectric material was what must 
calcinate at an elevated temperature 1200 degrees C or more even if a piezoelectric constant is small or a piezoelectric 
constant is large. Therefore, when carrying out simultaneous baking with electrode material, laminating and using as an 
actuator, only Pt which only what has the small amount of displacement is obtained, or bears an elevated temperature as 
an electrode material could be used, but there was a difficulty of becoming very expensive. 

[0007] This invention solves the above-mentioned trouble and is a cheap electrode material, (for example, Ag-Pd alloy) 
Low-temperature baking which is extent which can perform simultaneous baking is also made for the purpose of offering 
piezoelectric material with a big piezoelectric constant. 
[0008] 

[Means for Solving the Problem] 4 component system ingredient of Pb(Mg1/3Nb 2/3) 03-X-PbTi03-PbZr03 with which 



http ://w\aw4 J pd ^ 



4/13/2004 



Page 2 of 10 



the piezoelectric property with this invention persons good from the former is accepted - [ - X here Pb (nicked /3Nb 2/3) - 
- 03 and Pb (nickel1/3Sb 2/3) - it is 03, Pb(nickel1 / 3Ta 2/3) 03, or Pb(nickeM/2W1/2) 03. ] It was alike, it attached, Si 
or/and germanium were added for the purpose of reducing the burning temperature, and the effectiveness was 
investigated. 

[0009] Consequently, by adding Si or/and germanium of the amount of specification, even if it made burning temperature 
low, it traced that a very large piezoelectric material of a piezoelectric constant was obtained. 
[0010] The summary of this invention is in the following piezoelectric material. 

[0011] Empirical formula aPb(Mg1/3Nb 2/3) 03-bX-cPbTi03-dPbZr03 It is the porcelain constituent expressed. Pb To the 
porcelain constituent with which 0.5-10 atom % is permuted by at least one sort in Sr, Ba, calcium, La, Pr, Nd, Ce, and 
Sm, respectively At least one sort in Zn, Sn, and Bi below pentatomic %, Independent or piezoelectric material 
characterized by containing Si or/and germanium below pentatomic % in total. 

[0012] However, X of the above-mentioned empirical formula Is any one sort in Pb(nickel1/3Nb 2/3) 03, Pb(nickel1/3Sb 
2/3) 03, Pb(nickel1 / 3Ta 2/3) 03, and Pb(nickel1/2W1/2) 03**, a, b, c, and d are mol%s, and it is the value with which are 
satisfied of each following formula. 

[0013] 10 <A+b<=55 0.5<=B<=1030<=C<=50 2.5 <=D<=60 A+b+c+d=100 [0014] 

[Function] The sintering temperature with the usable electrode material of 30% of presentation [ Ag ] of 70% and Pd is to 
about 1 100 degrees C. Then, it investigated on the basis of this temperature. 

[0015] First, basic presentation In aPb(Mg1/3Nb 2/3) 03-bX-cPbTi03-dPbZr03, as X - Pb (nickel1/3Nb 2/3) - 03, Pb 
(nickel1/3Sb 2/3) 03, and Pb(nickel1 / 3Ta 2/3) 03 - and - Even when any in Pb(nickel1/2 W1/2) 03 are used, a big 
piezoelectric constant is obtained, limiting a, b, c, and d to the range specified by each above-mentioned formula - both 
an electromechanical coupling coefficient and specific inductive capacity - although - it becomes large and a 
piezoelectric constant also becomes large. If a, b, c, or d becomes out of range [ the above ], an electromechanical 
coupling coefficient or specific inductive capacity will become small, and a piezoelectric constant will become small. 
[0016] Next, by limiting the permutation of Pb by one or more sorts in Sr, Ba, calcium, La, Pr, Nd, Ce, and Sm to the range 
of 0.5 - 10 atom %, an electromechanical coupling coefficient and specific inductive capacity improve greatly, and a 
piezoelectric constant also becomes large. The amount of permutations Under by 0.5 atom %, an electromechanical 
coupling coefficient and specific inductive capacity do not improve, and improvement in a piezoelectric constant is not 
found, either. Conversely, if 10 atom % is exceeded, an electromechanical coupling coefficient will fall remarkably and a 
piezoelectric constant will also become small. 

[0017] If at least one sort in Zn, Sn, and Bi is added by the above-mentioned presentation, the property will improve 
further. If the addition exceeds pentatomic % in any element, an electromechanical coupling coefficient, specific inductive 
capacity, or both will fall, and a piezoelectric constant will become small. 

[0018] Furthermore, Si and germanium are independent, or even if it makes burning temperature low by doubling both and 
adding, an electromechanical coupling coefficient and specific inductive capacity are raised remarkably, and also raise a 
piezoelectric constant greatly. This is because Si and germanium have the effectiveness of improving a degree of 
sintering and raising the consistency of a sintered compact. Si and germanium are independent or it is in total. Since a 
consistency does not become sufficiently high, the case of under 0.1 atom % has the small improvement effectiveness of 
a piezo-electric property. Therefore, the addition of Si and germanium is each. In more than 0.1 atom % and the sum total 
It is desirable to carry out to more than 0.1 atom %. however, the addition of Si and germanium respectively - or -- if 
pentatomic % is exceeded in total - both an electromechanical coupling coefficient and specific inductive capacity -- 
although - it falls and a piezoelectric constant also becomes small. 
[0019] 

[Example] Hereafter, a concrete presentation and property of the piezoelectric material equivalent to the example and the 
example of a comparison of this invention are explained. 

[0020] The piezoelectric material of a test specimen was manufactured by sintering, after having blended so that it might 
become the presentation which shows the following oxides, carbonation object, or hydroxide of the element which 
constitutes each component of said empirical formula in the after-mentioned table 1, and fabricating. 
[0021] Pb 304, Zr02, Ti02 and MgO, Nb 205, NiO, Sb 203, W03, Ta 203, SrC03, BaC03, CaC03, La 203, Pr 6011, 
Nd203, Ce02 and Sm 203, ZrO, Sn02, Bi203 Si02, and the raw material of the Ge02 above Weighing capacity was 
carried out so that it might choose suitably and might become the presentation of a table 1, and it fully mixed using the ball 
mill. Obtained mixture Temporary quenching was carried out at 800-1000 degrees C for about 2 hours, and the organic 
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binder was mixed and corned, after fully grinding again and mixing this temporary-quenching object with a ball mill. It is 
this granulation powder About 1 ton/cm2 It is about 2mm in the diameter of 20mm, and thickness at a pressure. It 
fabricated and this was calcinated at 1 100 degrees C for about 2 hours. Here, it is the Ag-Pd alloy which made burning 
temperature into 1 100 degrees C as mentioned above. (Ag70%-Pd30%) It is because the usable temperature of an 
electrode is about 1 100 degrees C, so the property of the piezoelectric material when calcinating at this temperature is 
important. 

[0022] A silver electrode can be burned on both sides of the obtained disc-like sintered compact, and it is 2-3kV7mm in the 
silicone oil of 40 - 100 **. Direct current voltage was impressed and polarization processing was performed. In this way, 
the piezo-electric property of the obtained porcelain is written together to a table 1 . In addition, inside of a table [0023] 
[Equation 1] 

T 

e 33/^0 

[0024] ********** and Kr carry out the direction electromechanical coupling coefficient of a path, and d31 is carrying out the 
table of the longitudinal direction piezoelectric constant, respectively. 

[0025] It is a, b, c, and d (mol %) of that [to which sample No.1-25 set X of said empirical formula to Pb(nickel1/2W1/2) 
03 in a table 1 ], i.e., aPb(Mg1/3Nb 2/3) 03-bPb, (nickel 1/2W1/2) 03-cPbTi03-dPbZr03. It is the changed sample. In 
view of the test result of each property, it is 10 <a+b<=55. 0.5<=b<=1030<=c<=50 It can be said that the range of 
2.5<=d<=60 is suitable, the above - being out of range - if - d - 31 becomes small. 

[0026] Sample No.26 -28 are Pb(nickel1/2W1/2) 03 as X. Pb(nickel1/3Nb 2/3) 03, Pb(nickel1/3Sb 2/3) 03, or Pb(nickel1 / 
3Ta 2/3) 03 are used instead. d31 [ sufficiently big ] in any case is obtained. 

[0027] In addition, it is La (3.0 atoms %) about the element which permutes Pb in sample No. 1-28. It carries out and the 
addition of Sn, Zn, Bi, and germanium is set constant. 

[0028] Sample No.29-42 are aPb(Mg1/3Nb 2/3) 03-bPb(nickel1/2W1/2) 03-cPbTi03-dPbZr03 (it correcting and the value 
of a, b, c, and d being fixed). The addition of Sn, Zn, Bi, and germanium is also fixed. It sets and the rate that at least one 
sort in Sr, Ba, calcium, La, Pr, Nd, Ce, and Sm permutes a part of Pb is changed. The amount of permutations any 
element When it is in the range of 0.5-10 atom %, d31 [ sufficiently big ] is obtained. However, the permutation of Pb 
Thing exceeding the thing (No.29) of under 0.5 atom %, or 10 atom % (No.32) d31 is falling then. 

[0029] Sample Similarly No.43-58 change the addition of Zn, Sn, and Bi in aPb(Mg1/3Nb 2/3) 03-bPb(nickel1/2W1/2) 03- 
cPbTi03-dPbZr03. No.58 which have added neither Zn nor Sn nor Bi If compared, it is required for obtaining d31 [ big ] to 
add at least one sort in these elements so that clearly, moreover, case (46 No. 50) where an addition exceeds pentatomic 
% **** - d31 is small. 

[0030] Sample No.59-73 change germanium, Si, or the addition of the sum total. Neither germanium nor Si is added. As 
for No.59, d31 are remarkably low. This means that the burning temperature of 1 100 degrees C is too low. The property 
which was excellent in the sample which added germanium, Si, or its both on the other hand being acquired, and the low- 
temperature baking 1100 ** also come out enough, and a certain thing is shown. However, the addition of germanium, Si, 
or the both sum total exceeds pentatomic %. No.64 and No.69 And No.73 d31 is falling again. 
[0031] 
[Table 1 (1)] 
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[0037] 

[Effect of the Invention] Even if it calcinates the piezoelectric material of this invention at the low temperature in which the 
cheap electrode material and cheap simultaneous baking like an Ag-Pd alloy are possible, it is an ingredient which has a 
big piezoelectric constant. Therefore, practicability is high as ingredients, such as an electrostrictive actuator and a piezo- 
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electric buzzer. 
[0038] 



[Translation done.] 
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